Many people spend time in stores and restaurants, yet there has been little investigation of the influence of these microenvironments on personal exposure. Relative to the outdoors, transportation, and the home, these microenvironments have high concentrations of several volatile organic compounds (VOCs). We developed a stochastic model to examine the effect of VOC concentrations in these microenvironments on total personal exposure for (1) non-smoking adults working in offices who spend time in stores and restaurants or bars and (2) non-smoking adults who work in these establishments. We also compared the effect of working in a smoking versus non-smoking restaurant or bar. Input concentrations for each microenvironment were developed from the literature whereas time activity inputs were taken from the National Human Activity Patterns Survey. Time-averaged exposures were simulated for 5000 individuals over a weeklong period for each analysis. Mean contributions to personal exposure from non-working time spent in stores and restaurants or bars range from o5% to 20%, depending on the VOC and time-activity patterns. At the 95th percentile of the distribution of the proportion of personal exposure attributable to time spent in stores and restaurants or bars, these microenvironments can be responsible for over half of a person's total exposure to certain VOCs. People working in restaurants or bars where smoking is allowed had the highest fraction of exposure attributable to their workplace. At the median, people who worked in stores or restaurants tended to have 20-60% of their total exposures from time spent at work. These results indicate that stores and restaurants can be large contributors to personal exposure to VOCs for both workers in those establishments and for a subset of people who visit these places, and that incorporation of these non-residential microenvironments can improve models of personal exposure distributions.
Introduction
Personal exposure is composed of exposures in various microenvironments. Quantifying exposures in different microenvironments will enable refinement of models that reconstruct or simulate personal exposure. Such models are useful in understanding the impact of concentration changes on changes in exposure, especially when large-scale personal monitoring studies are expensive and challenging to implement.
There are several microenvironment inhalation exposure models combining concentration and time-activity data to obtain an estimate of personal exposure. These include the Hazardous Air Pollutant Exposure Model (HAPEM; Ozkaynak et al., 2007) , the Stochastic Human Exposure and Dose Simulation (SHEDS) model (Burke et al., 2001; Georgopoulos et al., 2005) , the Regional Human Exposure (REHEX) model (Fruin et al., 2001) , and EXPOLIS modeling framework Kruize et al., 2003) . REHEX and several other models have examined benzene exposures only, and HAPEM examined many HAPs; however none of these has compared exposures to a suite of volatile organic compounds (VOCs) using distributions derived from measured concentration data for nonresidential microenvironments where exposure frequency and duration may be highly variable, such as stores and restaurants.
Although few studies have examined VOCs in these microenvironments, several studies have found significant variability of VOC concentrations in these locations. These studies include Kim et al., 2001 ; who examined VOCs in pubs, department stores, cinemas, train stations, bus stations, cars, buses, and trains in Birmingham, UK; Lee et al., 2002;  who studied shopping malls, restaurants, and offices and classrooms in Hong Kong; and the Boston Exposure Assessment in Microenvironments (BEAM) study, which investigated VOCs in different types of stores, restaurants, and transportation microenvironments (Loh et al., 2006) . Although not all studies were conducted in the United States, these studies found concentrations in stores and restaurants to be much higher for several VOCs, such as toluene, formaldehyde, and styrene, than those outdoors, in transportation microenvironments, and even homes without smokers. These patterns point to the importance of the contribution of indoor sources to indoor concentrations in these microenvironments. Although measurement studies have found that much of personal exposure can be explained by home, work, and outdoor exposures, some unexplained variability still remains (Wallace et al., 1991; Saarela et al., 2003) . Some of this unexplained variability, especially for certain population subgroups, might be described by exposures in stores and restaurants or bars.
In this paper, we quantify the contribution of stores and restaurants to overall personal exposure of VOCs, using data collected in the United States. To investigate the effect of these incremental exposures, we used a stochastic model for total personal exposure that simulated exposure over a week. The categories of microenvironments include home, work, travel, grocery stores, non-grocery stores, restaurants and bars, and all other locations. Concentrations in stores and restaurants/bars were based on concentrations measured in the BEAM study, whereas concentrations in other microenvironments were based on data available in the literature. Restaurants and bars were counted together as a single category, because the BEAM study combined these microenvironments (many of the bars sampled also served food). Travel refers to movement by bus, car, train, or walking along roadways.
As people employed in stores and restaurants spend more time in these microenvironments with greater consistency than visitors, we were also interested in examining how much of these workers' exposure may come from their workplace. Separate models were run for four workplaces: offices, smoking and non-smoking restaurants/bars, grocery, and non-grocery stores, and the resulting exposures were compared.
Methods
We use a personal exposure model to examine two potential scenarios under which these microenvironments may influence a person's exposure. The first scenario is for an individual's ''discretionary'' time in these locations and the second determines exposure to individuals who work at stores, smoking and non-smoking restaurants/bars as compared to individuals who work at offices.
Model Framework
The model estimates personal exposure by summing over the product of the concentration in each microenvironment and the time spent in each microenvironment, and then averaging over the total one week time period. Eq. (1) shows the model for exposure.
where E ¼ exposure to pollutant X in all k microenvironments for an individual, C i ¼ the concentration of pollutant X to which the individual is exposed in the ith microenvironment, t i ¼ the amount of time spent by the individual in the ith microenvironment, T ¼the total amount of time over which exposure is being averaged (1 week).
The microenvironments in the model include home, work, travel, outdoors, restaurants/bars, grocery stores, nongrocery stores, and an ''other'' category, which accounts for the remaining time. Each day was assigned the same concentration per microenvironment, to maximize the variability in exposures among individuals. Time spent in each microenvironment was derived from the National Human Activity Pattern Survey (NHAPS) diaries to simulate weeklong exposure. Because this analysis examines periodic exposures (ones that may not occur every day), it was necessary to choose a time period over which enough visits to stores and restaurants would be observed to make reasonable conclusions as to exposure in these locations. We determined that a week would be an adequate simulation period. The model was run using Monte Carlo simulations to determine the distribution of exposure that could be attributed to stores and restaurants/bars using the Crystal Ball software for Microsoft Excel (Oracle, 2008) . Similar methods and distributions can be found in a previously published model (Loh et al., 2007) .
Concentrations
Concentration distributions were obtained by two methods. For all microenvironments except stores and restaurants/ bars, reported results from a wide range of studies were evaluated, distributions fit to reported distributional parameters, and, where multiple studies were used, a final distribution was simulated from the parent studies (Table 1) . Concentration data for stores and restaurants/bars were collected by the authors, and distributions developed. Because our goal was to predict exposures for the US population, we restricted the studies used to those conducted in the US and within the last 10 years (i.e. after 1995), to reflect more recent product composition and fuel formulations.
We evaluated studies for each VOC by comparing reported parameters (usually the mean and standard deviation, and median and 90th percentiles), the percentage of detectable samples, and the limits of detection, where available, among studies. Studies where there were greater than 50% of samples below the limit of detection or the mean was more than twice those reported in other studies were examined further. If it appeared that an anomalous distribution was different from the other studies, either because of differences that are not representative of the general population distribution or sampling issues, that study was not included in the final distribution. We also removed any studies where the mean exceeded the 90th percentile, to remove the effect of extreme outlier points. Table 1 provides the studies used for each compound and microenvironment. For 1,4-dichlorobenzene, we also did not include any studies where the 90th percentile exceeded 100 mg/m 3 , which was over a hundred times the median, indicating that a subset of the homes sampled had extremely high concentrations. These homes reported use of 1,4-dichlorobenzene-containing products such as moth repellants and certain deodorizers and would overly skew the home 1,4-dichlorobenzene distribution.
Lognormal distributions were assumed for each study, because we did not have the raw data and the lognormal is considered a common and reasonable description for air concentrations (Ott 1990 ). We fit these distributions using the reported parameters (mean and standard deviation or median and 90th percentile) from each study. When deriving the final input distributions, we combined studies by weighting each city/geographic region equally. For places where several studies were conducted, each study was weighted equally to determine the distribution in that city/geographic region.
We used office concentrations for workplace concentrations in the discretionary-time scenario. Office concentrations were all taken from the Building Assessment Survey Evaluation (BASE) study (Girman et al., 1999) . For the workplace exposure comparison, we compared offices, grocery and non-grocery stores, and smoking and nonsmoking restaurant/bars.
Restaurant, grocery store, and stores of all other types (non-grocery) concentrations were taken from the Boston Exposure Assessment in Microenvironments (BEAM) study (Loh et al., 2006) . This study collected data using personal samplers in a range of store types (e.g. grocery, multipurpose, furniture, drugstores, hardware, etc.), smoking and non-smoking restaurants and bars, and different modes of transportation. Due to the composite method of sampling used, a lognormal distribution was assumed for the stores (Loh et al., 2006) . The restaurants/bars were collected as single samples per location, and we were able to then fit distributions to the data for each compound. Crystal Ball was used to fit distributions, using the Komogorov-Smirnoff statistic to select the best fit distribution (Table 1) . Acceptable distributions were the lognormal, normal, gamma, beta, and Weibull (Cullen and Frey, 1999) , which were truncated at zero when necessary. In the analysis of discretionary time, we chose not to distinguish visits to smoking or non-smoking restaurants and bars, and therefore assumed a single restaurant/bar distribution, which included both smoking and non-smoking locations. In the work model scenario, we separated restaurants and bars into smoking and nonsmoking and derived a distribution for each.
For travel concentrations, no significant differences between modes of transportation were found for most compounds in the BEAM study (Loh et al., 2006) , therefore concentrations were averaged across in-vehicle levels in cars, buses, trains, and personal concentrations while walking. The outdoors concentration distributions were developed the same way as the indoor home concentrations, using the corresponding outdoor values reported in the home studies. One study (Van Winkle and Scheff, 2001 ) that was used in the indoor distribution development was not included for outdoors as it did not report enough information to fit a distribution. For the ''other'' category, we used outdoor concentrations. As these are generally lower than indoor concentrations, the contribution to total exposure from the ''other'' category may be underestimated.
Time Activity
Our study population included non-student, non-smoking adults aged 18-65. We chose working and non-working men and women and extracted their time activity data from the NHAPS study (Tsang and Kleipeis, 1996; Kleipeis et al., 2001 ) using the Consolidated Human Activity Database (CHAD; McCurdy et al., 2000) . NHAPS was a cross sectional survey of 24 h time activity from across the United States, done from 1992 to 1994 from a representative sample of the population. NHAPS is commonly used in other exposure modeling studies and provides a comprehensive data available for human activity in the US. Matching questionnaires and diaries were filtered according to age (18-65), employment status (Y/N), full-time employment (Y/N), student status (N), and included both NHAPS A and B surveys. The records were further screened for flags and activity and location description codes. For the non-working groups, any diaries that fell under the subactivity code for ''work, income-related only'' were removed. Tables A1 and A2 in the Appendix provide the codes that were used in assigning the microenvironments and the number of diaries used in this analysis, respectively. The diaries were also examined to ensure that certain activities and locations seemed plausible, and that total time was not less than or greater than 24 h for one day. NHAPS includes time spent in restaurants and stores, and separates visits to grocery stores from other stores, which were grouped into a mall/store category. We also separate grocery stores from all other types of stores because grocery stores tended to have lower concentrations of most compounds in comparison (Loh et al., 2006) . To preserve the correlation between time spent in various activities throughout a day, we used the amount of time spent in each microenvironment from the same NHAPS individual's diary day. We simulated a week for a hypothetical working individual by including 5 working days and 2 non-working days from diaries of working individuals. Working days were defined as those where the individual included time for income related work as an activity on that day. For a non-working individual, we selected 7 nondifferentiated days from the non-working diary days. Because NHAPS does not include longitudinal time activity patterns (i.e. day-to-day correlations), we sampled a random diary for each day of the week from the pool of diaries.
To compare exposures between various workplaces, we ran separate simulations using concentrations in offices, grocery stores, non-grocery stores, smoking and non-smoking restaurants/bars for the workplace concentrations. The diaries were not distinguished by workplace and therefore we could not include the impact of differences in working time between individuals. We are thus effectively testing the effect of workplace concentrations on exposure in this scenario, rather than differential time spent in the workplace across workplace types.
Model Runs and Analysis
Each model run consisted of 5000 iterations for each population group, resulting in a distribution of weekly exposure for 5000 individuals to compare across cohorts. To understand the impact of time spent in stores and restaurants/bars on total exposure, each iteration was set to calculate the percent of exposure that can be attributed to time spent in stores and restaurants/bars for each compound. To look at the degree of influence of each input parameter on the overall contribution to exposure from time spent in stores and restaurants/bars, we calculated the Spearman rank correlation between the fraction of exposure occurring in stores and restaurants/bars and the total exposure concentrations and time spent in each microenvironment. Table 2 shows the percentiles for the resulting time-averaged personal exposure for working men with office as the workplace and non-working women based on a weeklong simulation. Figure 1 shows the distributions of time spent in restaurant/bars, non-grocery and grocery stores resulting from the simulations. Overall, restaurant/bar visits accounted for a larger amount of time per week compared to grocery and non-grocery store visits. Working men spend the largest amount of time of all groups at restaurants/bars, with a mean of 4% of weekly time, compared to 2% for non-working men and working women and 1% for non-working women. Non-working women spent a mean of 2% weekly time in non-grocery stores and 1% in grocery stores, compared with 0.4% in both of these stores for working women and 1% non-grocery and 0.2% in grocery for working men and 1% in non-grocery and 0.4% in grocery for non-working men. Grocery store visits accounted for the least amount of time for all groups out of these three microenvironments.
Results

Discretionary Time Exposures
Our primary interest was the percent of total exposure resulting from visits to restaurants/bars and stores (i.e. exposure in microenvironment divided by total personal exposure). Model runs produced distributions of the percent exposure from each microenvironment for each cohort. The median ( Figure 2 ) and 95th percentile (Figure 2 ) are shown for the percent contribution to total exposure from time spent in stores and restaurants/bars separately. These figures include only individuals that visited a store or restaurant/ bar during the simulated week, which includes the vast majority of the simulated cohort (see Appendix Table A3 ). The workplace concentration distribution used in these simulations was for offices. For both grocery and non-grocery stores, non-working women had the highest median percentage of exposure, ranging from 0.5% for benzene to 2.8% for 1,4-dichlorobenzene in grocery stores and from 0.5% for chloroform to 8.8% for styrene in non-grocery stores. The 95th percentile of percentage of exposure ranged from 3% for formaldehyde to 44% for 1,4-dichlorobenzene in grocery stores and from 9% for benzene to 78% for 1,4-dichlorobenzene in nongrocery stores. Working men had the lowest contributions to their exposure from both store types. In contrast, working men had the highest percentage of exposure from restaurants/ bars. The median of the percentage of exposure for working men from restaurants/bars ranged from 2.9% for m,p-xylene to 9% for acetaldehyde. The 95th percentile ranged from 12% for chloroform to 69% for 1,4-dichlorobenzene. The contribution of restaurant/bar exposure to total exposure was lowest for working women.
When the three microenvironments are viewed together, one can see that working women had the lowest contribution to exposure from all three. Non-working men and women had the highest contributions for all compounds except for acetaldehyde and chloroform, whereas working men had the highest contributions from those two compounds. Nonworking women had slightly higher contributions to exposure for most compounds. The contribution to exposure for these microenvironments was almost equal for benzene across all cohorts except that it was lower for working women. These patterns held at both the median and 95th percentiles. Figure 3a -d show the correlations between the proportion of exposure from restaurants/bars þ stores added together and concentration and time spent in other microenvironments for a representative selection of compounds (for microenvironments where the majority of correlations were above an absolute value of 0.1). For most compounds, the concentration in these microenvironments exerts a larger influence than time, except for formaldehyde, benzene, and carbon tetrachloride. For all cohorts, the contribution of time and concentration are almost equal for benzene and formaldehyde, with time correlations being slightly larger than concentration for working men, working women, and non-working women. For carbon tetrachloride, the influence of time is much greater, attributable to the low variability in carbon tetrachloride concentrations within and between microenvironments.
Significant correlations (Po0.05) were found between the proportion of exposure from restaurants/bars and stores, and concentrations and time spent in those microenvironments, homes, and work (office workplace). The negative effect of home concentration with the proportion of exposure in restaurants/bars and stores was particularly large for nonworkers, where correlations were between À0.4 and À0.6. The contribution of time spent at home was also negatively correlated with the proportion of exposure in stores and restaurants/bars, particularly for male workers. Correlations with the office workplaces were also negative, with concentration having more of an effect than time. Between non-working women and men the magnitude of all correlations per compound was similar. The same results applied for working women and men.
Time spent in travel also showed positive correlations with the percentage of exposure in restaurants and bars and stores, although these correlations were about 0.1 or less. These correlations were significant for most compounds for each cohort. The outdoor and other microenvironments were mostly insignificantly correlated with the proportion of exposure from restaurants/bars and stores, although there were exceptions. The correlations for outdoors and other microenvironments were much less than 0.1 and therefore not shown in Figure 3 . Figure 4 shows boxplots comparing the proportion of exposure resulting from time spent at work for different workplaces (offices, non-smoking restaurants/bars, smoking restaurants/bars, grocery stores, and non-grocery stores) for several compounds. The model was the same used earlier, except that now the concentration distribution for the work microenvironment was changed for each simulation. A line is drawn at the 30% mark for comparison purposes, as this is approximately the amount of time in a day that a person spends at work. Results are shown for women, as the results for men were similar.
Workplace Exposures
Workplace exposures in restaurants and stores contributed more overall for most VOCs than offices. Working in smoking restaurants contributed the highest percentage to personal exposure for most compounds compared to other workplaces, reaching medians of 60% for acetaldehyde, 1,4-dichlorobenzene, and perchloroethylene. For styrene and toluene, the distribution of the contribution to personal exposure from work in non-grocery stores was higher than in other workplaces considered. Median contributions from exposure in offices were about 30% for benzene, styrene, and 1,4-dichlorobenzene and below 30% for all other compounds. Median formaldehyde exposures were around 30% or less for all workplaces. The contribution of the work environment to benzene personal exposure was relatively higher in smoking restaurants (median of 40%) than all other workplaces. Of all the workplaces, the largest contribution to personal exposure to chloroform was in restaurants and grocery stores. 
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Discussion
Previous measurements of VOCs in stores and restaurants found that many types of stores had relatively high concentrations of several compounds compared to home indoor environments and the outdoors (Loh et al., 2006 ). There has not previously been an investigation as to how much exposure in stores and restaurants or bars might contribute to overall personal exposures. Rather than quantifying the full range of variability of personal exposure, this study aims to provide generally representative distributions of personal exposure as a comparison for exposures in restaurants/bars and stores. The total personal exposure concentrations are mostly comparable to those from studies where personal air samples were taken (Payne-Sturges et al., 2004; Sexton et al., 2004; Weisel et al., 2005; Sax et al., 2004 ; Table 3 ). Figure 4 . Percent of personal exposure to selected compounds from work for various workplaces. y Axes are in percent. Dotted line represents 30% of total exposure. Boxes indicate 25th, 50th, and 75th, and the whiskers indicate the 5th and 95th percentiles. SR ¼ smoking restaurants, NS ¼ nonsmoking restaurants, NG ¼ non-grocery stores, GS ¼ grocery stores, OF ¼ offices. In some cases, exposure in stores and restaurants can amount to a significant share of total personal exposure. For example, in non-grocery stores, styrene has a mean concentration about twice that of home indoor styrene concentrations. At the median percentage contribution, styrene exposure in stores and restaurants/bars would account for about 5% of a person's exposure, but this can range to nearly 60% at the 95th percentile contribution.
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Overall, women spend more time in stores whereas men spend more time in restaurants/bars, leading to a higher contribution to exposure for women from both microenvironments combined for compounds that have higher concentrations in stores, such as styrene. If we look at each microenvironment separately, the mean contribution for all compounds is higher for non-working women in stores whereas the mean contribution for all compounds is greater for working men in restaurants/bars.
Microenvironmental concentrations are more variable (based on an examination of the coefficients of variation, or CVs) than time spent in them. As compared to other microenvironments, time in both stores and restaurants/bars were the most variable, with CVs over 1. The compounds where concentration exerted a smaller influence in stores and restaurants/bars, formaldehyde, benzene, and carbon tetrachloride, also had lower concentration CVs in these microenvironments than other compounds. Travel has some small positive correlation because people who go to stores and restaurants may spend more time in transit.
Compared to the office workplace, restaurants/bars and stores as workplaces confer a greater portion of total personal exposure for most VOCs, particularly when the workplace is smoking restaurants or bars. Smoking restaurants and bars also have more skewed distributions. We found that smoking bars and non-grocery stores provided the widest range in workplace contribution to exposure.
When compared with several measured personal exposure studies, the model developed for this investigation predicted personal exposures within a factor of 2.5 for most compounds at the mean (see Table 3 ). Our model tended toward lower values than published measurement studies, possibly due to the following reasons. The modeled values were derived from a nationwide sample of VOC studies and time activity, whereas the measured values were each taken from a single area, which may not be nationally representative. For certain compounds, especially 1,4-dichlorobenzene, our model is much lower. However, for our home concentrations, we purposefully took out high values, as they represented homes with a distinctly different source pattern (moth balls and certain deodorizers) than the rest of the population. If those were included, then the distributions would have had higher means and much larger standard deviations, as the measurement studies showed.
Limitations and Uncertainties
There are several limitations to this analysis based on the model structure and inputs. One of the main challenges was in modeling time activity longitudinally. Because CHAD/NHAPS only contains cross-sectional data, we could not account for correlations in activities between days. Most research to consider factors (season, climate, demographic) that influence time spent longitudinally in locations have focused on few activities, with an emphasis on time spent outdoors versus indoors (McCurdy and Graham, 2003; Graham and McCurdy, 2004) , but not specifically on patterns of time spent in restaurants or stores.
Based on available data, there were two choices for modeling longitudinal time activity, either to select a new diary for each day of the week assuming no correlation between days (Xue et al., 2004) , or to select the same diary for each day of the week, assuming perfect correlation between days. In reality, if a person goes grocery shopping one day, they probably would not go the next day, but in our model, there is nothing to account for this phenomenon. There is also variation between people in terms of the likelihood of frequent visits across time versus periodic visits, such as the daily shopper or restaurant diner compared to one who goes once a week or less. The random diary sampling method used here therefore biases the variability of the time distribution downwards.
A second decision was whether to vary concentrations in microenvironments from day to day, effectively assuming that people either visit different locations or that the day-today variability at a single location greatly exceeds the variability between locations, or to keep concentrations in each type of microenvironment constant throughout the week, effectively assuming that people tend to visit the same locations from day-to-day and that day-to-day variability at a given location is low. In reality, people do not always go to only one store or restaurant although they probably have a tendency to visit a core set of stores and restaurants. Also, in a previous study, three stores of a certain type were studied several times a day over several days, and results indicated that between store variance was more dominant than within store variance (Loh et al., 2006) . As the decision was not clear, we compared the two methods for several compounds and found that assuming random variation in concentrations every day produced a narrower range of exposures, particularly for total personal exposure. Additionally, exposures in restaurants/bars and stores were less affected by assuming no day-to-day correlation in concentrations. The contribution to exposure from restaurants/bars and stores was slightly lower, especially at the higher percentiles, with no day-to-day correlation.
As our purpose was to explore the range of possible exposures from time spent in stores and restaurants, we chose not to vary the microenvironment concentrations and vary each day's time activity. This results in a slightly wider range of exposures (although not appreciably more for stores and restaurants/bars) whereas the latter allows us to increase the probability of each individual in the simulation spending some time in a store or restaurant/bar.
We found that there were many more days available for working men, and for both male groups, some diaries had unusually large amounts of time spent in restaurants or bars (as much as 15 or 20 h in a day). We chose to retain these hours, because we wanted to preserve the nature of the data and not draw arbitrary cut-offs for time in each microenvironment, but it is unclear whether those were true samples, or errors in recording. These extreme time values, however, did not influence even the 95th percentile of the contribution of time spent in restaurants and stores to total personal exposure.
There are several uncertainties of note regarding some of the input parameters. In terms of the concentrations, whereas we have the greatest amount of data for home concentrations both indoors and outdoors, there are uncertainties as to how much these distributions reflect true concentrations. The concentration inputs were derived from studies in primarily metropolitan areas throughout the United States. The outdoor concentrations are therefore expected to be higher than those in less densely populated areas, due to a higher density of traffic and industrial sources. The outdoor contribution to indoor concentrations would be higher in cities and densely populated suburbs compared to less densely populated suburbs and rural areas, therefore the relative effect of compounds with many indoor sources would be magnified in the latter areas. We also combined the smoking and non-smoking restaurants and bars when looking at discretionary time spent in these locations. This would lead to a downward bias for people who visit smoking restaurants and an upward bias for those who visit non-smoking restaurants, effectively shrinking the variability in this area. We did not include information on the percentage of people who visit smoking restaurants/bars and would have had to change the model to allow for the frequency as well as duration of visits to two different types of restaurants/bars.
Another uncertainty is that stores and restaurant/bars have very limited data sets for developing distributions; specifically, concentrations have only been measured in Boston for an analysis focused on the US. Thus, these data may not be representative of a wider area, although for compounds with a high indoor source contribution, we might expect the levels to be similar in different parts of the country, considering that these indoor environments are more climatically controlled.
The ''other'' microenvironment is another source of uncertainty. We classify all microenvironments not specifically named as ''other,'' without distinguishing them at all, not even as indoors or outdoors. One possibility would have been to include two ''other'' microenvironments F an indoor and an outdoor. Still, these microenvironments may constitute any number of indoor and outdoor places and the concentration distribution assigned to each would be an arbitrary indoor and outdoor location, respectively. Rather than adding information, this merely parses the uncertainty into more categories. We did, however, look at the potential effect of using home indoor concentration distributions for the ''other'' category. Running the model for women, we found that the mean exposure using indoor concentrations for ''other'' were at least within 5% of the original value, and the standard deviation did not, in almost all cases, change more than 30%. The distribution of the contribution of stores and restaurants to exposure remained similar, as did the correlation of microenvironment concentration and time spent with proportion of exposure in stores and restaurants. It is also possible that there are microenvironments with high VOC concentrations that we have not captured in this model. By using a relatively low distribution for the ''other'' category, we are potentially exaggerating the effect of stores and restaurants/bars if the individual spends time in other high VOC concentration microenvironments.
In this study, we have examined the significance of exposure in restaurants/bars and stores for different segments of the population. For a person working in an office, whose time spent in restaurants/bars and stores may be very irregular, the relative contribution of these microenvironments is a small percentage of their total exposure to VOCs, unless they have much lower concentrations in their homes. For most people, the home is the greatest driver of personal exposure considering that most of the population spends at least half their time at home.
Employees in restaurants and stores have much more consistent and higher contributions to their personal exposure from restaurants and bars and stores. Those working in restaurants where smoking is allowed are particularly highly exposed. The recent and growing enactment of smoking bans in many cities will greatly reduce these individuals' exposures. Stores can also be high exposure areas, due to product emissions. Movement toward greener product formulations and buildings may contribute to reducing exposure in stores.
The modeling done in this study would benefit from more data on concentration patterns in stores and restaurants/bars in different parts of the country. Generally, more information on the temporal variation of concentrations and influencing factors is needed as well as on longitudinal patterns of time activity. Understanding the day-to-day relationship of concentrations and time activity, using correlation coefficients, and using Markov transition state modeling may allow a better representation of exposure over time. A personal monitoring study coupled with a similar stochastic model described in this paper would provide a more robust validation of the modeling methods. Golf course 358900 36300
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Home time was derived by including the codes in the table. Travel was derived by identifying the activity codes in the table, and then excluding the location codes listed. Restaurants/bars, grocery stores, and non-grocery stores were identified by including the listed location code and excluding the listed activity code. Outdoors was derived by including the listed location codes. All the rest of the time was allocated to the ''other'' microenvironment.
